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Abstract 
The present study examines the performance of a single zone building integrated with PV Trombe wall(PV-TW) in term of 
potential cost savings, energy consumption and emission reduction by varying PV Glazing types (i.e. PV Single Glazing, PV 
Double glazing, PV Double glazing filled with gas (Argon)). TRNSYS software is used for simulation in which inputs like 
climatic conditions, building construction details, thermal properties of materials, detail of PV-TW and orientation of the building 
were inserted. By comparing the results of all three types of glazing The annual cost saving due to application of single glass PV-
TW was RM 485.35; Double glass PV-TW was RM 819.15 while Double glass filled with argon PV-TW was RM 1016.24.While 
CO2 emission reduction is maximum in double glass filled with argon PV-TW 2588 kg/yr followed by double and single glass 
PV-TW as 1768 and 1277 kg/yr respectively.The analysis suggests that the application of double glass filled with argon PV-TW  
in Malaysia climatic condition would be economically viable from the point of view of saving in cooling energy cost and CO2 
Emission . 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
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1. Introduction 
       Dramatic increase in energy consumption in recent years, particularly electrical energy use in commercial 
and residential buildings of economically developed  tropical countries like Malaysia is influenced by many factors, 
including population growth, per capita income, demographic changes such as increasing urbanization and economic 
growth [1]. As compared to world fossil fuel resources, Solar energy in Malaysia is estimated to be four times more 
[2]. Malaysia realize the importance of renewable energy and launched the new National Green Technology  
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(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Nomenclature 
LCC Life cycle cost (RM/kWh) 
C Total initial capital (RM) 
M Total maintenance cost (RM) 
R Replacement cost anticipated for the whole life of the system (RM) 
S Salvage or scrap value at the end of system life (RM) 
E Electricity produced (kWh/annum) 
PVIFk,n   Present value interest factor of one unit of money at a discount rate k at year number n.  
m Nominal discount rate 
i Inflation rate  
Policy in April 2009 [3] which encourages the use of solar passive systems. The solar passive system uses solar 
energy to heat, cool, ventilate or light buildings, without the need for electricity or mechanics [4]. Most typical solar 
passive systems used nowadays are greenhouses or Trombe walls [5]. Trombe-wall (TW) has been used in decades 
as an efficient and durable solar heating method. A conventional Trombe wall comprises a south-facing massive 
thermal wall with a clear outer glazing cover with an air duct in between [6]. However if a clear glazing is replaced 
with the photo voltaic glazing, novel Trombe structure with Photo Voltaic cell module known as a PV-TW was 
developed [7]. Building integrated PV system use solar energy not only for heating and cooling purposes in 
ventilation and air conditioning systems but also to generate electricity by photovoltaic cells [8]. With the PV 
assisted Trombe wall, the indoor air is sucked into the duct of the TW to be heated and to cool PV cells at the same 
time. Hence cooling of PV cells increase the efficiency of PV panels [9]. The PV-Trombe wall uses a PV panel, 
which hinders the penetration of solar rays into the air space between the walls and glazing [10]. Therefore, the 
efficiency of the Trombe wall is enhanced in terms of cooling potential. Also, this type of Trombe wall generates 
electricity, which is considered as another benefit. From the experimental and numerical studies conducted by 
various researchers it was found that the efficiency of a PV Trombe wall depends  on various parameters such as 
vents [11], insulation [12], cell temperature [9], thickness and color [13], size effect [14] and glazing [15]. 
In this study cost benefit and emission reduction analysis of a single zone building integrated with PV-TW was 
analyzed by changing one of the above parameters i.e. glazing type (single glazed, evacuated double glazed and 
Double-glazing filled with gas). TRNSYS software was used for simulation in which inputs like building 
construction details, thermal properties of materials, detail of PV-TW, market rates and orientation of the building 
was inserted. The results were compared with the previous results for validation. This will lead to a new building 
model which provides a feasible solution for high energy consumption and environmental degradation for Malaysian 
region. 
2. Building Prototype 
2.1. Description of the experimental house  
The simulation was conducted using the single-room house facility with PV-TW as shown in Fig.1 located at the 
campus of Universiti Teknologi PETRONAS (4°23'11"N and 100°58'47"E , Perak, Malaysia).  
The construction details and thermo physical properties of building materials of the existing single zone building 
are given according to previous studies [16,17] . 
1.  The test cell is of dimensions 3.0 m (width, X) X  3.0 m (depth, Y) X 2.6 m (height, Z). 
2. All external walls are three-layered with middle layer composed of 22 cm thick brick wall and both the side 
walls are cement plastered. The plaster thickness is 1.5 cm for inside layer and 2.0 cm for outside layer. 
3. Roof is made up of roofing tiles of thickness 25 cm.  
7KHJURXQGLVPDGHRI¿UVWOD\HURIFHPHQWPRUWDUFPWKLFNVHFRQGOD\HURIVDQGJUDYHOFPWKLFN
and the last layer of soil or mud phuska (40 cm thick) . 
5. There is one window on the north-west wall. The height and width of the window are 0.314m and 0.23 m 
respectively. Window is made of plywood of thickness 2.5 cm. The windows open inside. Windows are not 
provided with overhangs. 
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6. A single steel door is on the south-east wall. The dimensions of door are 2.134 m height and 0.914 m width. 
The door is made of 0.5 cm thick GI metal sheet. The door opens inside. 
7. A vent of the size of 0.4 m (X) X 0.1 m (Z) is opened on the bottom of the absorber wall to connect the air flow 
between the air duct and the room. It is 0.15 m above wall foundation.  
8. The PV-TW on the southern wall, which is located at 0.25 m from the western interior wall.  
9. PV glass panel with an area of 2.6 m (height) X 0.84 m (width) and a thickness of 5 mm, a matt black painted 
wall and an air duct with a depth of 0.18 m in between. The outer glazing of the PVTW is 5 mm thick glass, on the 
back of which is affixed with 5 cm X 5 cm commercial multi-crystalline silicon PV cells with grid distribution. The 
PV glazing then appears of a matrix color of dark blue. The packing factor of PV cells on the glazing is about 0.334.  
 
Fig. 1. Schematic diagram of the test room with PV Trombe wall 
2.2. Simulation Model  
Figure 2 shows the flow diagram and connection of various types of model in TRNSYS environment. Economic 
analysis of PV-TW system was done by using the TRNSYS model (TYPE 582) Life Cycle Cost Analysis (LCC). 
The costs estimation of different glazing type PV-TW system in addition to conventional single zonal house systems 
does involve some basic assumptions which can be summarized as follows: 
x The life span of the building and PV-TW system used in this work is assumed to have 20 years. 
x According to Malaysian  markets WKH LQÀDWLRQ UDWH LV around 2.8% and the interest rate is about 3 % as 
mentioned by Bank Negara Malaysia (BNM) [18]. 
x The auxiliary cooling system and light source are provided. 
x The salvage factor, fsalv , is set at 10% of the capital cost for the auxiliary cooling. 
x Maintenance factor for the auxiliary cooling system, f is assumed to be 15% of the capital cost. 
x Current fuel price is RM 1.90/l [19]. 
A life cycle cost analysis is given by [20]. 
                     LCC = (C + M + R – S) / E                                        (1)  
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Fig.2. TRNSYS information flow diagram for PV-TW. 
The convergence of above value to their present values is done by using following present value interest factor for a 
fixed amount of money to be paid in n years is given by [21]:  
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where, 
The net discount rate can then be calculated from the equation[21]: 
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           k = 1.94 % 
Calculating the PVIF value according to equation (2) with the value of  k = 1.94 % would yield the following 
PVIF n=20 =0.6809 
The inverter , battery and charge controller  have life spans of 10 years respectively [22]. This would mean  that 
these equipments would have to be replaced two times  in a period of 10 years from the date of installation. So, 
PVIF has two values, the first  PVIF value after 10 years of installation (n = 10), the second PVIF being the value 
after 20 years of installation (n = 20) which was calculated earlier.  
PVIFn=10=0.8251 . 
For illumination 30 W Compact fluorescent lamp (CFL) was used have life span of 2 years [23]. So PVIF value 
after 2 years of installation(n=2) was  
PVIFn=2=0.9623 
Energy produces by PV panel can be estimated based on the following two factors: 
a. Efficiency of Solar PV module. 
b. Solar Insolation at the desired location. 
The peak power rating of the module (WP) and the area of the module (m2) are the parameters which decide the 
efficiency of Solar PV module. Dividing the peak power rating by the area of the module, gives the "WP/m2". Since 
the modules are rated at Standard Test Conditions of 1000 W/m2, the efficiency of the module can written as [24]: 
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Once the efficiency of the module is known, estimation of per unit area energy output of the module is a matter of 
simple multiplication of the efficiency of the module and the average daily radiation at that location.  
Electricity Generated (kWh/m2 /day )= Efficiency of module*Average daily radiation(kWh/m2 /day).  
 
3. Results and Discussion 
3.1. Life cycle cost analysis 
Life-cost analysis was performed to calculate the economic viability of applying different types of photo voltaic 
Trombe wall on a typical single zonal building in Malaysia. Since Malaysia is located at the equator having a huge 
amount of solar radiation throughout the year, stakeholder of the building requires an auxiliary cooling system to 
cool the room air. PV-TW provide not only  hindrance in the penetration of solar rays into the air space between the 
walls and glazing [12,10] but also provide additional benefit to stakeholder by producing electricity. Variability of 
different type of glazing with solar radiation was shown in Fig 3. Stazi et.al and Richman et.al [25,26] also found 
that as the number of glazing increases, penetration of solar radiation decreases. Therefore as the glazing shifted 
from PV single glass to PV double glass and then to PV double gas filled with gas Cooling capacity and hour of 
usages of auxiliary cooling system also decreases. Kashif et.al [27] found that  PV efficiency of Double glass filled 
with Argon PV-TW is 8 % more than single glass and 4.35 % more than double glass PV-TW also Double glass 
filled with Argon PV-TW reduces room temperature up to 2.36 ºC while Double glass PV-TW reduces 13% percent 
less as compared to Double glass filled with Argon PV-TW. 
 
Fig.3. Variation of solar radiation with power output of different PV-TW glazing 
Table 1 and 2 compares different types of PV-TW with normal house in term of Energy consumption and CO2 
emissions and life cycle cost saving. The benefit– cost analysis showed that among the types of PV-TW studied, 
double glass and double glass filled with argon PV-TW have the benefit– cost ratio greater than one, 1.239 and 
1.217 respectively, while single glass PV-TW have the value less than one as in Table 2.  
Table 1: Comparison of different types of PV-TW with normal house in term of Energy consumption and CO2 emissions 
Type of 
home  
Energy Consumption 
(kWh/yr) 
Emission of 
CO2 
(Kg of CO2 per 
year) 
Energy 
saving  
(KWh) 
Energy saving 
comparison with 
previous studies  
CO2 reduction  
(Kg of CO2) 
CO2 Comparison 
with previous 
studies  
No PV-Tw  5287 
 
5182 0 PV panel over the 
normal glazing obstruct 
penetration of sun rays 
into mass wall and 
0 TW save CO2 
emissions by 
445kg 
annually[14] for With PV-TW 3985 3905 1302 1277 
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With double 
glass PV- TW 
3204 3414 2083 reduce thermal 
performance of TW  to 
17%[28]. 
PV-TW reduces cooling 
load[34] components by 
33%–50%[29]. 
The temperature 
difference between the 
room with and without 
PV-Trombe wall reaches 
maximum up to 
12.3°C[17]. 
Trombe wall conserves 
3312kWh/yr energy[18]. 
1768 Mediterranean 
climate . 
TW reduces CO2 
emission by 33 
tonne/yr[18] for 
Indian climate. 
With argon 
filled double 
glass PV-TW 
2647 2594 2640 2588 
 
Table 2: Life cycle cost saving benefit-cost ratio 
Type of Home Price Difference in unit 
price 
Annual energy 
cost saving  
LCC saving LCC saving/cost Comparing LCC 
saving with 
previous 
studies. 
No PV-Tw 7,565 0 0 0 - TW reduced LCC 
by 2.4%[14] for 
Mediterranean 
climate. 
With PV-TW 13930 6365 485.35 3044.4 0.478 
With double 
glass PV- TW 
14711.2 7146.2 819.15 8855.4 1.239 
With argon 
filled double 
glass PV-TW 
16076.7 8511.7 1016.24 10366.3 1.217 
Figs 4 show the results of life cycle cost saving by varying photo voltaic glazing type. The annual energy 
consumption of a house having a single glass PV-TW was 1302 kWh lower than that of the normal house and LCC 
saving over 20 years was RM 3044.4.  
 
Fig.4. Life cycle cost saving of PV-TW with different glazing type 
The annual cost saving by double glass PV-TW was RM 819.16 and LCC saving over 20 years was RM 8855.4. 
The annual energy consumption of a house having a double glass filled with argon PV-TW was 2640 kWh lower 
than that of the normal house and LCC saving over 20 years was RM 10,366.3.Application of PV-TW double glass 
filled with argon resulted in the highest life cycle cost saving of 22.18%, followed by PV-TW double glass and PV-
TW single glass  by 18.94 % and 6.51% respectively. 
The economic and energy saving analysis of employing different types of PV-TW  is presented in Fig. 5. This 
Figure shows PV-TW cost, Energy consumption after installing PV-TW and Energy cost of the building as a 
function of PV glazing types.  
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Fig.5. Effect of PV glazing on cost and energy consumption. 
 
3.2. Mitigation of CO2 emissions 
7KH HIIHFW RI UHWUR¿WWLQJ RI EXLOGLQJ ZLWK VLQJOH JODVV 39-TW has shown a considerable amount of energy 
conservation 1302 kWh/year, and with double glass PV-TW of about 2083 kWh/year. An average carbon dioxide 
(CO2) equivalent intensity for electricity generation from coal is approximately 0.98 kg of CO2/kWh [30]. Hence, 
the reduction in CO2 HPLVVLRQVLQWRWKHDWPRVSKHUHE\HQHUJ\FRQVHUYDWLRQGXHWRUHWUR¿WWLQJVLQJOHJODVV39-TW 
and double glass PV-TW is 1277 kg and 1768 kg. Effect of double glass filled argon PV-TW is more pronounced 
and show significant saving of energy 2640 kWh/year and CO2 emissions reduction of about 2588 kg. Chel et al. 
found that for a typical Indian honey-storage building equipped with only Trombe walls reduce annual CO2 
emissions by approximately 33 t [18]. Chi et al also found that with an outdoor wind velocity of 0.5 m/s, 1.0 m/s, 
and 2.0 m/s, the 2.85 m2 ventilated BIPV wall was able to save 3.8–4.1 (kWh), 4.3–5.7, and 8.5–10.7 of electricity 
daily and reduce 70–76 kg, 80–107 kg, and 160–201 kg of CO2 emissions each month, respectively [31]. Another 
study on Mediterranean buildings equipped with TW revealed that TW having area ratio of 37% can save 445 kg of 
CO2 annually [14].  
4. Conclusions 
This paper examined single zonal building equipped with PV-TW over a 20 year life period and calculate the 
emission reduction, energy consumption and life cycle cost saving for different types of photo voltaic glazing (i.e. 
Single glazing, evacuated double glazing and Double-glazing filled with gas). TRNSYS software was used for 
simulation and results obtained were compared with the previous studies. The results can contribute in the selection 
of economically viable house which can provide a solution for high energy consumption and CO2 reduction. The 
results showed that the energy consumption and the CO2 emission of all three types of PV Glazing became lower 
than those of the normal house. The energy consumption and CO2 emission of double glass filled with argon PV-    
TW was smallest, followed by double glass and single glass PV-TW , in that order. The life cycle cost saving due to 
the application of these types of PV glazing over the normal single zonal building was found to be: 
x Single glass PV-TW —up to 6.51%. 
x Double glass PV-TW—up to 18.94%. 
x Double glass filled with gas PV-TW —up to 22.18%.  
The benefit–cost study showed that the single glass PV-TW would be marginally economically viable but double 
glass and double glass filled with argon PV-TW shows significant cost saving over normal house. 
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